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The intestinal microbiome {#s01}
=========================

Arguably, no single area of research within the broad field of pediatric gastroenterology, hepatology and nutrition has advanced more rapidly than study of the intestinal microbiome. Enabled by advanced microbial genomics and powerful computational biology, our understanding of the microbiome in health and disease has grown at a remarkable pace. We now know that adult humans harbor approximately one hundred-fold more genetic material from microbes than we do from our own genes. And we have learned that, among many other influences on human biology, microbial genetic material contributes in important ways to energy metabolism \[[@bib-001]\] and development of the human immune system \[[@bib-002]\]. Indeed, the microbiome contributes a great deal to human phenotypic diversity.

We are just now beginning to probe how age and socioeconomic factors intersect to define the intestinal microbiome. A key advance in this area came in 2012 from the laboratory of Jeffrey Gordon and collaborators \[[@bib-003]\]. Fecal micoflora from 531 individuals from three continents and markedly different socioeconomic and cultural backgrounds were analyzed by 16S ribosomal RNA PCR, followed by deep microbial genomic sequencing. Evolution of the microbiome in each setting was analyzed from birth through adulthood. The investigators found that the phylogenetic composition of bacterial communities in each studied population evolves toward adult composition over the first three years of life, and then stabilizes. Bacterial diversity increases with age in all populations. Interestingly, microbiota of US adults is the least diverse. Functional analysis of microbial genes reveals prominent differences in vitamin and carbohydrate metabolism beginning early in childhood.

This important study highlights many challenges and opportunities in the study of the microbiome. That is, age, geography, diet, and environmental factors are powerful contributors to the composition of an individual's microbiome in health, and likely in disease. Stated differently, there is a dynamic reciprocity between environment and microbiome. These factors must be considered important variables in the design of future studies. A well-known Winston Churchill quote seems especially appropriate to the evolving microbiome field: "Now this is not the end. It is not even the beginning of the end, but it is, perhaps, the end of the beginning".

Genomics {#s02}
========

Next generation genomic technology is revolutionizing clinical medicine, including the field of pediatric gastroenterology, hepatology and nutrition. Over the past few years, deep sequencing capabilities have become commercially available, and now exist at many local hospitals. Clearly, the technology has "arrived". What lags behind is our ability to analyze the large volume of genomic data from a single whole exome next generation sequencing run, a daunting challenge that has even been highlighted in the lay press \[[@bib-004]\].

Terabytes of sequencing data require well-designed, sophisticated filtering strategies to arrive at interpretable clinical information. However, when properly applied to genomic data, compelling conclusions can be reached. Exemplary of this is a recent report of exome sequencing in 8 children with early, severe inflammatory bowel disease phenotypes \[[@bib-005]\]. The authors' rationale was to focus on early, aggressive phenotypes in young children to provide unique insights into the biology of inflammatory bowel disease. The investigative team from the University of Southampton, UK winnowed 23,000 variants identified by exome sequencing down to 13,000 (by removal of synonymous variants), to 332 (by targeting 169 inflammatory bowel disease susceptibility genes), to a manageable 17 novel variants (by removing splicing, human leukocyte antigen \[HLA\] and commonly known alleles). When individual research subject profiles highlighted in this manuscript are scrutinized in a clinical context, for example an 11-year old with severe stricturing ileocecal disease who expresses variants in NOD2 (R702W), GSDMB, ZNF365, and IL18RAP, then the potential for a personalized therapeutic approach feels quite realistic.

Other anecdotes support the apparent power of whole exome sequencing for individual patients. In the past two years, reports of complex cases sleuthed and solved by whole exome sequencing have emerged. One of the first \[[@bib-006]\], reported in 2011, was a 5 year old boy with an unusually aggressive case of inflammatory bowel disease. Using whole exome sequencing, the patient was found to have a mutation in X-linked inhibitor of apoptosis (XIAP), which led to successful management by bone marrow transplantation. The apparent success of this case was widely reported in the lay press, including a Pulitzer Prize winning exposé in the Milwaukee Journal Sentinel \[[@bib-007]\]. More recently, profoundly ill neonates at Children's Mercy Hospital in Kansas City, carefully chosen using agreed-upon clinical criteria, were successfully diagnosed and more appropriately managed as a result of whole exome sequencing \[[@bib-008]\]. The key was a rapid-analysis algorithm that achieved a molecular genetic diagnosis within 50 hours, an achievement that was also met with a great deal of public interest \[[@bib-009]\].

Next generation genomics is increasingly incorporated into everyday practice. The economics will be increasingly favorable if deep sequencing is prioritized to prospectively agreed-upon criteria like extreme-phenotype patients with prominent family history whose family members are also available for sequencing.

Unique cells {#s03}
============

Advances in cell biology are permitting an increasingly detailed study of unique cell types of immense importance to gastroenterologists. Two examples from the 2012 literature are highlighted here: the leucine-rich repeat-containing G-protein coupled receptor (Lgr5) positive crypt base columnar cell and the hepatic stellate cell.

Our understanding of intestinal epithelial stem cell biology has advanced dramatically in recent years, as detailed in a 2012 review \[[@bib-010]\]. It is increasingly clear that distinct intestinal stem cell types exist. They can be categorized as either rapidly proliferative or quiescent types, each of which has distinctive transcriptional profiles and roles in maintenance of a healthy epithelium \[[@bib-011]\]. We have now learned enough about these cells that we are able to tease out their complex actions by computational approaches \[[@bib-012]\].

Lgr5-positive intestinal crypt base columnar cells positioned in contact with Paneth cells are the subject of intense interest as stem cells \[[@bib-010]\]. In 2012, investigators asked if these cells might form organoids in culture, one measure of their stemness \[[@bib-013]\]. Indeed, single Lgr5 cells labeled with enhanced green fluorescent protein (EGFP) isolated from disrupted colonic epithelium and placed in a carefully selected milieu of matrix and growth factors were able to form organoids in culture. Moreover, these organoids expressed markers of multiple differentiated intestinal lineages, including goblet cells and enteroendocrine cells. Remarkably, organoids given by intracolonic infusion were able to regenerate colonic epithelial tissues in an *in vivo* model of colon injury.

Another unique cell of interest to gastroenterologists is the hepatic stellate cell, a non-parenchymal cell that plays a role as a major source of myofibroblasts in the fibrotic response to injury. Much is known about this unique cell, the molecular events leading to its activation, and the consequence of this activation, as summarized in a well written commentary in 2012 \[[@bib-014]\]. What has been missing from the field is experimental verification of the role of stellate cell depletion in liver injury, a proof of principle that stellate cells are the central figure in regulation of hepatic fibrosis. The Friedman laboratory published such evidence in 2012 using an *in vivo* model of liver injury \[[@bib-015]\]. Using a herpes simplex virus thymidine kinase transgene, the investigators used ganciclovir to deplete mouse livers of *activated* stellate cells. In doing so, they were able to dramatically reduce the hepatic consequences of bile duct ligation, carbon tetrachloride toxicity and allyl alcohol toxicity. As hypothesized, hepatic fibrosis was attenuated. An unexpected finding, though, was the reduction in overall liver injury. The mechanism of this finding is yet to be fully understood, but raises the spectra of stellate cell depletion as a potential therapeutic strategy in liver injury and raises exciting questions about the role of stellate cells in liver function beyond their traditional role in fibrogenesis.

Another important question is the reversibility of stellate cell activation. This concept was recently clarified by evidence that activation is indeed reversible, but reverted cells are more amenable to reactivation \[[@bib-016]\]. This observation has important implications in the setting of chronic or repeated exposures to liver injury. Understanding this phenomenon will also give insight into the design of antifibrotic therapies.

MiRNAs in pediatric gastrointestinal disease {#s04}
============================================

MiRNAs are 19-25 nucleotide single-stranded RNA molecules that potentially regulate thousands of genes, typically by reducing target gene expression \[[@bib-017]\]. More than 1200 human miRNAs exist intracellularly or in circulating exosomes. Increasingly, these molecules are now being tested as therapeutic agents or as disease biomarkers in a plethora of pathophysiological situations.

MiRNAs regulate fibrosis in a variety of tissues. Returning to the hepatic stellate cell, we find an interesting example of miRNA regulation of liver fibrosis \[[@bib-018]\]. MiRNA 19b, which binds the 3′ untranslated region of type II transforming growth factor β receptor (TGFβRII), is markedly reduced during stellate cell activation. Restoration of miRNA 19b expression in activated stellate cells reduces TGFβ signaling and expression of downstream targets such as procollagen and α smooth muscle actin, molecules that are associated with hepatic fibrosis. These findings suggest that miRNA 19b might be used as a biomarker of fibrosis or perhaps even a novel therapeutic in the prevention of hepatic fibrosis.

Two other miRNAs relevant to pediatric gastrointestinal disease deserve mention. The Joshua Friedman lab at Children's Hospital of Philadelphia found that circulating levels of the miR-200b/429 cluster are elevated in infants with biliary atresia when compared with infants with other cholestatic liver disease \[[@bib-019]\]. This suggests potential use of these miRNAs as biomarkers of biliary atresia. The Rothenberg laboratory at Cincinnati Children's Hospital Medical Center found 32 up- or down-regulated miRNAs in biopsies of children with eosinophilic esophagitis compared with controls \[[@bib-020]\]. Moreover, these dysregulated miRNAs reverted to a normal level of expression with corticosteroid treatment. Again, this work suggests the potential value of miRNAs as biomarkers of disease or as a measure of response to therapy.

Future directions {#s05}
=================

Molecular, cellular and genetic advances hold the promise of innovative new insights, markers, preventives and therapeutics for pediatric gastrointestinal disease. This review emphasizes that many of these advances are featured in the lay press and are of great public interest. For example, it is likely that we will ultimately develop an armamentarium of specific, targeted preventives and therapeutics related to intestinal microflora. These will be precisely customized to an individual's demography and culture. Genomics will also permit precise and predictive approaches to a multitude of diseases. Most likely these will occur first for single gene defects. We have seen remarkable advances in microRNA biology and these are likely to lead to clinical innovation over the next 5 to 10 years. Finally, the scrutiny of the most intricate features of unique cell types like hepatic stellate cells and intestinal stem cells is beginning to shine a bright light on some of the most fundamental issues in gastroenteric biology and will open prospects for new innovative therapies.
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